Abstract. This paper explores a novel way to evaluate the benefit of gamified strategy in business domain with a focus on hotel loyalty program that is a key strategy in attracting business to its properties. It presents a data-driven approach for discovering the patterns of different hotel loyalty programs using analytic hierarchy process, whereas a measure of game refinement is employed to quantify the game sophistication level of each gamified strategy. The results show interesting observations on the game sophistication of hotel reward in a specific area. Meanwhile, it is found that the selected comparison items of these hotel rewards and the number of the customers are highly related.
Introduction
A hotel loyalty program is aimed at enticing business travelers and other frequent hotel guests to prefer a particular brand or group of hotels over others. The hotel loyalty program will generally have multiple levels. New members are offered such privileges as free internet access to encourage them to join the scheme. This ensures that guests have an incentive to use their loyalty cards, even if they do not anticipate reaching the next rewards' level. In addition, joining such a scheme and staying nights in a hotel will typically accrue points, which are similar to frequent flyer miles. These points can be redeemed for free nights in hotels (the number of points required to stay a night may vary based on the normal cost of the hotel and the day of the week or season). Higher levels in the scheme will typically offer multiple benefits including free room upgrades, bonus points, rolling 24-hour check-in, and free access to more of the hotel's facilities, which may include buffet breakfasts, executive lounges, spas, and other features. Higher levels are typically reached by staying a certain number of nights during the membership year [1] . The world's largest hotel chains, including Marriott, Starwood, Hyatt, Hilton, IHG [11, 12, 13, 14, 15] and several others, offer reward programs.
Moving on, game theory is a discipline which emanates from a game player's point of view, which revolves around how to win a game. However, game designers would consider another important aspect: how to make a game more interesting and immersive. This is what inspired a new game theory that is based on a game designer's point of view, called game refinement theory, which was proposed in the early 2000s [2] . This theory is concerned with fairness and game length with respect to the uncertainty of a game outcome. If the game is too short, the outcome would be stochastic. If the game is too long, the outcome would be obvious and the game would be boring. Hence, it is important to come up with an appropriate game length to maintain fairness and engagement. The measure of game refinement can also be used to obtain deep insight into the history of games [3] . For example, it has been observed that the evolution of chess exhibits two different directions: one that increases the search-space complexity and another one that shifts to the comfortable degree of the game refinement measure [4] . Hence, it gives a reasonable look on the evolution of specific game variants.
Additionally, the game refinement theory helps us view games from an entertainment aspect while game theory helps us understand a game's mechanism. From that viewpoint, the idea of game refinement can be extended into other domains in human life such as sports games, video games, education or business. The possibility of doing that comes from the core idea of game refinement theory, which quantifies how engaging a game is. In many human activities, engagement is usually considered to be one of the important standards of evaluating the effectiveness of such activities.
The analytic hierarchy process (AHP) is a structured technique of organizing and analyzing complex decisions, based on mathematics and psychology [5] . This technique has a particular application in group decision making and is used around the world in a wide variety of decision making situations in such fields as government, business, industry, healthcare, shipbuilding and education.
In some previous work, Zuo et al [8] investigated the gamification effects of five successful hotel loyalty programs using the game refinement theory. Since there are many hotel reward programs, we were curious to see which one was the most suitable reward program for customers. Therefore, it was critical to consider the objective condition of the famous hotel groups mentioned above. Thus we constructed a mathematical model for game refinement, where AHP was employed as the assessment methodology in tackling this problem.
Assessment Methodology: Game Refinement Theory
The decision space is the minimal search space without forecasting [6] . It provides a conventional measure for almost all board games. The dynamics of making decisions in ambiguous situations has been proved and observed to be a significant factor in estimating a game's degree of recreation and entertainment. Then Iida et al [3] proposed a concept of game refinement. The consequence of amazing games has always been uncertain until at the end of such games. As a result, switching between available options is commonplace when playing a game. However, players know that these options become limited in the space of a decision. In a situation like this, seesaw games are easier to refine. So, we will first review the rules of seesaw games.
By seesaw game's principals, in players' perspective, information of game's result is an increasing function of time (the number of movements) t. Furthermore, we can see information about the games' result as the amount of that already been solved uncertainty x(t). Game information progress stands for how certain is the result of the game at a certain time or step. Let us see B and D as the average factor and the average length in a game. If one knows the game information progress, for example after the game, the game progress x(t) will be given as a linear function of time t with 0 ≤ t ≤ D and 0 ≤ x(t) ≤ B, as shown in Equation (1).
However, the game information progress given by Equation (1) is unknown during the in-game period. The presence of uncertainty during the game, often until the final moments of a game, renders exponential game progress. Hence, a realistic model of game information progress is given by Equation (2).
Here n stands for a constant parameter which is given based on the perspective of an observer of the game considered. Then acceleration of game information progress is obtained by deriving Equation (2) twice. Solving it at t = T, the equation becomes 2 2 ( )
It is assumed in the current model that game information progress in any type of game is encoded and transported in our brains. We do not yet know about the physics of information in the brain, but it is likely that the acceleration of information progress is subject to the forces and laws of physics. Therefore, we expect that the larger the value మ is, the more the game becomes exciting, due in part to the uncertainty of game outcome. Thus, we use its root square √ , as a game refinement measure for the game under consideration. We can call it GR for short.
To support the effectiveness of the proposed game refinement measures, we compared data from such games as Chess and Go, which are board games, and two sports games. A comparison of game refinement measures for various types of games has been illustrated in Table 1 . From Table 1 , we can see that sophisticated games have a certain common factor (i.e., same degree of acceleration value) that provides engagement or excitement regardless of the kind of game. In an attempt to promote customer retention, many of the world's major hotel brands are concerned about how loyalty is recognized and rewarded [9] . The best way to keep existing customers is to establish an attractive and well-organized guest loyalty program. On the other hand, to make customers feel more satisfied with after joining a loyalty program, hotel companies have to make use of the most remarkable characteristics of good loyalty programs. If we list the tiers system of different hotel loyalty programs, we will find that each hotel has different reward strategies. The hotel loyalty program, as an application of gamification in the business domain, has been in existence for over 30 years. However, how do these guests enjoy the loyalty program? We will tackle that problem relative to what happens in board games. Here, we take the Marriott platinum as an example, where the length of the game is 75, same as the 75 nights guests have to stay within a year so as to qualify for the rewards. Then, the branching factors of the program mainly vary with location. In this case, it can be the exact number of the hotels in a specific city that are available for guests to select from. This means that even though customers are playing the same game, the length of the game may vary. Nevertheless, the diversity in the number of the hotels may also lead to different outcomes, which highlights the importance of the location when applying the game refinement measure. Consequently, we chose three big cities: Shanghai, Tokyo, and Paris. Then, we figured out the impact of free nights for the highest membership status depending on the location. Let us take ‫ܤ‬ ு and ‫ܦ‬ ு as the number of hotels with a hotel loyalty program in a specific city and the depth of the game respectively. Based on previous literature review, we can get the GR of five famous hotel groups in these three cities. 
Assessment Methodology: AHP
Rather than prescribing a "correct" decision, the AHP helps decision makers find one that best suits their goal and their understanding of the problem. It provides a comprehensive and rational framework for structuring a decision problem, for representing and quantifying its elements, for relating those elements to overall goals, and for evaluating alternative solutions. Once the hierarchy is built, the decision makers systematically evaluate its various elements by comparing them to each other two at a time, with respect to their impact on an element above them in the hierarchy. In making the comparisons, the decision makers can use concrete data about the elements, but they typically use their judgments about the elements' relative meaning and importance. It is the essence of the AHP that human judgments, and not just the underlying information, can be used in performing the evaluations. The AHP converts these evaluations to numerical values that can be processed and compared over the entire range of the problem. A numerical weight or priority is derived for each element of the hierarchy, allowing diverse and often incommensurable elements to be compared to one another in a rational and consistent way. This capability distinguishes the AHP from other decision-making techniques. In the final step of the process, numerical priorities are calculated for each of the decision alternatives. These numbers represent the alternatives' relative ability to achieve the decision goal, so they allow a straightforward consideration of the various courses of action.
Thus, the AHP can be implemented in three consecutive steps: Users of the AHP first decompose the decision problem into a hierarchy of comprehensible sub-problems, each of which can be analyzed independently. The different elements on the hierarchy can relate to any aspect of the decision problem-tangible or intangible, carefully measured or roughly estimated, well or poorly understood-anything that applies to the decision at hand. Once the hierarchy is built, the decision makers systematically evaluate its various elements by comparing them to each other, two at a time, and with respect to their impact on an element above them in the hierarchy. In making the comparisons, the decision makers can use concrete data about these elements. Typically, they use their judgment to discern the relative meaning and importance each of these elements. It is in the essence of the AHP that human judgment, and not just the underlying information, can be used in performing the evaluations. The AHP converts these evaluations to numerical values, which can then be processed and compared over the entire range of the problem. A numerical weight or priority is derived for each element in the hierarchy, allowing diverse and often incommensurable elements to be compared to each another in a rational and consistent way. This capability is what distinguishes the AHP from other decision-making techniques. In the final step of the process, numerical priorities are calculated for each of the decision alternatives. These numbers represent the alternatives' relative ability to achieve the right decision. This allows for a straightforward consideration of the various courses of action. The AHP commonly starts creating a pairwise comparison matrix A for the purpose of figuring out the exact weight of different criteria. The matrix A is an ݉ × ݉ real matrix, where m is the number of the evaluation criteria to be considered. Each entry ܽ of matrix A represents the importance of the jth criterion relative to the kth criterion, and the entire ܽ and ܽ satisfy the following constraint:
Obviously, ܽ = 1 for all j and the relative importance between two criteria is measured according to a numerical scale from 1 to 9. Value of ܽ Interpretation 1 j and k are equally important 3 j is moderately important than k 5 j is strongly important than k 7 j is more strongly important than k 9 j is extremely important than k Hence, with the previous review in Table 4 , we can derive the relative scores of each option. Here, we show the results of the consolidted decision matrix, these data were collected by the result of 138 questionaires [16] . The exact scores were given by judgement based on the previous review. Another issue we would like to highlight is that some inconsistencies will arise when many pairwise comparisons are performed. The AHP incorporates an effective technique of checking the consistency of the evaluations made by the decision maker when building each of the pairwise comparison matrices involved in the process. A perfectly consistent decision maker will always get the result as 0. However, if the value of inconsistency is lower than 0.1, it can be tolerated. Eventually, we get the final result of the experiment in which we list the number of customer membership together with the weight of each hotel loyalty program. 
Discussion
When we look back at the evaluation of these different approaches, we find that the result of AHP is related to the number of customers and the GR is associated with the hotel rewards sophistication.
Gamification is about learning from games, not just in the sense of learning about the games themselves but understanding what makes the games successful [10] . Game theory is all about how a problem can be solved from the game player's point of view. However, both game refinement theory and gamification require one to think like a game designer. According to the preliminary results of AHP and GR values, we find that there is a difference between these two approaches. They represent two different perspectives; that of a game player and that of game designer. Game theory has a deep relationship to games and, subsequently, to gamification; however, their approach is different. AHP is a set of algorithms, formulas and quantitative techniques for analyzing strategic decision making based on the comparison of relative items. It is more about defining formal models and mathematical structures to investigate different kinds of options.
We list the result of our evaluation with different approaches proposed in Section 2 and 3. 
Concluding Remarks
In this paper, we conducted two approaches to evaluate the hotel loyalty program.
With the game refinement methodology, the result of the GR in these three cities for five famous hotel groups is entirely different. It means that even the customers are enjoying the same loyalty program, the decision complexity will also vary with the location. Compared with the previous work in sports and board game domain, the GR of hotel rewards is lower than the sophisticated zone from 0.07 to 0.08. However, such value is also reasonable in the marketing domain, as hotel rewards are the application of gamification. With the AHP method, we figured out the weight of each hotel rewards with four items as the critical options when customers select specific hotel rewards. The paper empirically evaluated the game sophistication of the hotel loyalty program in a particular city, and the result of the AHP based on the four selected comparison items is inspirable which offers a new perspective for customers to select a hotel reward. Future work may consider more about the effectiveness of the gamification of hotel rewards.
